In the general population, dyslipidaemia and abdominal obesity are risk factors for cardiovascular disease, but less is known about their roles in patients on maintenance haemodialysis (HD). This study investigated the association between blood lipids and abdominal obesity, as determined by waist circumference (WAC), and body mass index (BMI) in 72 HD patients (32 women). Blood lipid levels were measured using routine laboratory methods. Abdominal obesity, based on the WAC measurement, was found in 62.5% of HD patients (75.0% of women; 52.5% of men). Triglyceride levels were higher in abdominally obese compared with abdominally non-obese men. According to BMI measurements, 34.7% of HD patients were overweight/obese and 9.7% were underweight. In men, WAC and BMI were positively correlated with triglyceride levels. In women, WAC was negatively correlated with high-density lipoprotein (HDL) cholesterol and apolipoprotein A levels. The results indicated that there was a negative association of abdominal obesity and BMI with HDL cholesterol in HD patients.
Introduction
Obesity and being overweight have become global clinical problems, with a pronounced upward trend in their prevalence in virtually all developed countries. 1, 2 Obesity is a strong risk factor for the development of diabetes mellitus, cardiovascular disease, cancer and chronic kidney disease (CKD). 3 -5 Maintenance haemodialysis (HD) patients appear to have a lower body mass index (BMI) compared with age-and sex-matched controls in the general population. 6 -8 Fleischmann et al. 9 found a significantly higher survival rate in overweight and obese HD patients (BMI > 27.5 kg/m 2 ) compared with HD patients who were normoweight (BMI = 20 -27.5 kg/m 2 ) or underweight (BMI < 20 kg/m 2 ), proposing the term the 'obesity paradox'. Epidemiological research has generally shown an association between a larger body size and a lower risk of death in HD patients, independent of other markers of nutritional status. 10 Furthermore, Kalantar-Zadeh at al. 11 showed that weight loss was associated with increased mortality in HD patients, whereas weight gain conferred survival advantages. It has been shown that weight loss and a reduction in S Bevc, A Potočnik, R Hojs Obesity and lipid profiles in HD patients adipose tissue are associated with the imminent release and significant increase in circulating lipophilic hydrocarbons. 12 Weight loss may also be associated with reduced skeletal muscle oxidative metabolism, leading to reduced antioxidant defence. 13 Obesity and weight gain may, however, be associated with a more stable short-term haemodynamic constellation and improved haemodynamic tolerance to afterload-reducing agents. Thus, obese patients might better tolerate removal of large volumes of fluid during the haemodialysis procedure, with a reduced likelihood of hypotension. 14, 15 Regarding lipid status, HD patients often have hypertriglyceridaemia and lowered high-density lipoprotein (HDL) cholesterol levels, whereas their low-density (LDL) cholesterol levels are usually within the normal range. 16 In some studies, however, low total cholesterol and LDL cholesterol levels were found in HD patients. 17, 18 It is assumed that low total cholesterol and LDL cholesterol levels are associated with a high prevalence of being underweight among HD patients. 18 Cardiovascular (CV) morbidity and mortality are approximately 10 -20-times higher in HD patients than in the general population. 19 A worse survival among HD patients has also been observed with low, rather than high, BMI, blood pressure, total cholesterol and homocysteine levels. 11,20 -25 Furthermore, high values of these risk factors were paradoxically protective and were associated with improved survival: a phenomenon that has been referred to as 'reverse epidemiology' or an 'altered risk factor pattern'. 26, 27 The hypercholesterolaemia paradox in HD patients can be explained by the endotoxinlipoprotein hypothesis. 28 These epidemiological findings have contributed to the clinical dilemma of whether or not to treat obesity, hypercholesterolaemia, hypertension or hyperhomocysteinaemia in HD patients. 27 It has been postulated that higher concentrations of total cholesterol (lipoproteins) are beneficial for HD patients, since a richer pool of lipoproteins can actively bind to, and remove, circulating endotoxins. 10 Thus, the increased pool of these lipoproteins may attenuate the propensity of endotoxins that would otherwise cause inflammation and subsequent atherosclerosis if they remained unbound. 29, 30 The aim of the present study was to determine if there was an association of abdominal obesity, as defined by the waist circumference (WAC), and BMI with the levels of some blood lipids ( 31 abdominal obesity is defined as a WAC ≥ 80 cm for women and ≥ 94 cm for men. All patients were divided into tertiles according to their WAC: the first tertile for women was WAC < 84 cm and for men it was WAC < 89 cm; the third tertile for women was WAC > 96 cm and for men it was WAC > 102.7 cm. In addition, serum total cholesterol, HDL cholesterol, LDL cholesterol, triglycerides, Lp(a), apoA and apoB were measured using routine laboratory methods.
STATISTICAL ANALYSES
All data are presented as mean ± SD. Statistical analyses were carried out using the SPSS ® statistical package, version 12.0 (SPSS Inc., Chicago, IL, USA) for Windows ® .
Pearson's correlation coefficient was used to determine the association of WAC and BMI with serum total cholesterol, HDL cholesterol, LDL cholesterol, triglycerides, Lp(a), apoA and apoB. The Student's t-test was used to assess the differences in lipid status between HD patients with normal WAC or BMI ≤ 25 kg/m 2 and those with abnormal WAC or BMI > 25 kg/m 2 . Analysis of variance was used to determine the statistical significance of the differences among the mean scores of the tertiles of WAC and BMI. The differences were considered statistically significant if the Pvalue was < 0.05. (Table 1) . Women with a higher BMI (i.e. those in the third tertile), compared with those in first tertile, had significantly lower levels of total cholesterol (P = 0.012), HDL cholesterol (P = 0.024) and apoA (P = 0.038). The mean ± SD WAC value for women was 92.2 ± 15.9 cm (range 72 -138 cm). Abdominal obesity (WAC ≥ 80 cm) was found in 24 (75.0%) women. The WAC correlated with HDL cholesterol (r = -0.455; P = 0.009) and apoA (r = -0.408; P = 0.021) ( Table 1 ; Figs 1 and 2 ). In women, no significant differences in lipids between the abdominal obese and non-obese patients were found. Women with a higher WAC (i.e. those in the third tertile), compared with those in the first tertile, had significantly lower concentrations of total cholesterol (P = 0.033), HDL cholesterol (P = 0.011) and apoA (P = 0.026). In women, no other differences in lipids between WAC and BMI tertiles were found. 
Results
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MEN
The mean ± SD BMI for men was 24.3 ± 5.5 kg/m 2 (range 16.8 -37.6 kg/m 2 ). Four (10.0%) men were underweight, 22 (55.0%) had a normal BMI, eight (20.0%) were overweight and six (15.0%) were obese. In men, BMI correlated with triglyceride levels (r = 0.362; P = 0.022) (Table 1; Fig. 3 ). Men in the third BMI tertile, when compared with those in the first (i.e. lowest) tertile, had significantly lower concentrations of HDL cholesterol (P = 0.03) and apoA (P = 0.031). Men with a BMI > 25 kg/m 2 had significantly lower HDL-cholesterol levels (P = 0.046) compared with men with a BMI ≤ 25 kg/m 2 . Abdominal obesity (WAC ≥ 94 cm) was found in 21 (52.5%) men. The mean ± SD WAC value for men was 97.8 ± 15.9 cm (range 75 -135 cm). WAC correlated with levels of triglycerides (r = 0.416; P = 0.008), HDL cholesterol (r = -0.381; P = 0.015), and apoB (r = 0.323; P = 0.042) ( Table 1 ; Figs 4 -6). In men with abdominal obesity, only triglyceride levels were higher compared with non-obese patients (P = 0.035). Men in the highest WAC tertile, compared with those in the lowest WAC tertile, had significantly lower HDL cholesterol levels (P = 0.04) and higher triglyceride levels (P = 0.047). In men, no other differences in lipids between BMI and WAC tertiles were found. 
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Discussion
Chronic kidney disease generates an atherogenic lipid profile that is characterized by high triglycerides, low HDL cholesterol and an accumulation of small dense LDL particles. 32 Lp(a) concentrations and triglyceride-rich apoB-containing particles are often increased. 33 Dyslipidaemia in renal failure has not been well characterized using routine laboratory measurements. Accumulation of small dense LDL, modification of apolipoproteins by glycation, oxidation and carbamoylation, increased Lp(a) and accumulation of noncardioprotective acute-phase HDL escape routine laboratory tests and may lead to an acceleration of atherosclerosis. 17 Atherosclerosis in CKD is specifically characterized by more advanced, heavily calcified plaques that extend to both the intima and media layers of the arterial wall. 34 In patients with CKD, maturation of HDL is impaired due to decreased plasma lecithin cholesterol acyltransferase activity. 35 Serum HDL concentrations also decrease in uraemia due to a decrease in apolipoproteins. 32 It is known that, in the general population, different patterns of obesity in men and women can be an important determinant of the sex differences in the S Bevc, A Potočnik, R Hojs Obesity and lipid profiles in HD patients levels of triglycerides, HDL cholesterol, apoA and apoB. 36 The mechanism is not totally understood, but sex differences in lipid status could be associated with hormonal status and inherited distribution of fat tissue. 37 Lipid abnormalities have been suggested as a major cause of CV disease in HD patients. 38 An unfavourable lipid profile in renal failure is also associated with abdominal adiposity. 39 The present study investigated the possible association between abdominal obesity (i.e. WAC), BMI and lipid levels in HD patients. More than half of the HD patients had a normal BMI, while the remaining patients were underweight, overweight or obese. WAC varies according to gender, and abdominal obesity was found in a majority of female patients but only in about half of the men. In the study by Lee et al., 39 which included HD patients, HDL cholesterol levels were uniformly low but did not correlate with abdominal adiposity. In contrast, in the present study, both male and female HD patients in the highest WAC tertile had significantly lower concentrations of HDL cholesterol than those in the lowest WAC tertile. A study by Sempos et al. 40 showed that, in the general population, HDL cholesterol levels were significantly lower in patients with a higher BMI. Similarly, the 
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present study showed that male and female HD patients with a higher BMI had significantly lower concentrations of HDL cholesterol than those with a lower BMI. Kaizu et al. 41 divided HD patients into BMI quintiles and showed that any BMI > 19.0 kg/m 2 might be associated with a change in lipid profile and, therefore, with acceleration of atherosclerosis, which is closely related to cause of death in HD patients. Mortality and morbidity were lowest in patients with a BMI between 17.0 and 18.9 kg/m 2 . 41 HDL cholesterol was lower in the higher BMI quintiles compared with the lowest BMI quintile. 41 Additionally, Kaizu et al. 41 showed that total cholesterol was not significantly different between the BMI quintiles. In women in the present study, total cholesterol was significantly lower in the highest BMI tertile compared with the lowest BMI tertile. Also, female HD patients in the highest WAC tertile had significantly lower concentrations of total cholesterol when compared with those in the lowest WAC tertile. No such associations were found in male HD patients. None of the previous studies has measured the association of WAC and BMI with triglycerides in HD patients. The predominant cause of hypertriglyceridaemia in CKD is impaired catabolism of S Bevc, A Potočnik, R Hojs Obesity and lipid profiles in HD patients triglyceride-rich lipoproteins as a result of the defective action of postheparin lipases. 42 Lee at al. 39 used a BMI of 25 kg/m 2 as a level that distinguished lean from obese subjects and showed that triglycerides were higher in lean HD subjects than in healthy controls. In subjects with a BMI > 25 kg/m 2 , triglyceride levels did not differ. 39 A significant positive association between triglycerides and WAC and BMI in male HD patients was established in the present study. Men in the highest WAC tertile had significantly higher triglyceride levels when compared with those in the lowest WAC tertile. There was no association of WAC and BMI with triglycerides in female HD patients. It is known that apoA is a very important inherited atherogenic factor for determining the development of atherosclerotic plaques. 43 Low apoA concentrations elicit cholesterol accumulation in arterial wall cells and the early formation of atherosclerotic plaques. 37 Maksvytis and Stakišaitis 37 showed that apoA concentrations were significantly higher in healthy women with a BMI < 25 kg/m 2 compared with overweight healthy females. Similar data for HD patients does not appear to be available in the published literature. The present study showed that female HD patients in the highest WAC or S Bevc, A Potočnik, R Hojs Obesity and lipid profiles in HD patients BMI tertiles had significantly lower apoA concentrations than HD women in the lowest WAC or BMI tertiles. Male HD patients in the highest BMI tertile had significantly lower apoA concentrations when compared with those in the lowest BMI tertile. There was no association between WAC and apoA in male HD patients.
The present study indicated that there was an association between abdominal obesity, BMI and lipid status in HD patients, and confirmed that negative correlations exist between HDL cholesterol and WAC in male and female HD patients. Hypertriglyceridaemia was found in abdominally obese HD patients and in those with a high BMI. Low HDL cholesterol and apoA values were found in abdominally obese females and in all HD patients with a high BMI. WAC, BMI and pathological lipid status are important measures for atherosclerosis risk. Their influence is synergistic, therefore it is hard to assess the role of each of these in atherosclerosis development and subsequent CV disease. Future studies will be necessary to determine their individual role in atherosclerosis development and their interactions.
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